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(57) ABSTRACT

In one embodiment, a sensor arrangement for the contactless
sensing of angles of rotation on a rotating part includes a
disk-shaped target coupled to the rotating part. The disc-
shaped target has at least one metal surface and generates at
least one piece ol mnformation for ascertaining the instanta-
neous angle of rotation of the rotating part in connection
with a coil arrangement. The coil arrangement has at least
one flat detection coil. The arrangement further includes at
least one measuring circuit that converts the inductance of a
corresponding at least one flat detection coil 1mnto a measur-
ing signal. The inductance changes due to eddy-current
cllects, as a function of the degree of overlap with the at least
one metal surface of the rotating target. The arrangement
turther includes an evaluation and control unit that detects
the measuring signal using measurement techniques and
evaluates the signal for calculating the angle of rotation.

15 Claims, 2 Drawing Sheets
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SENSOR ARRANGEMENT FOR THE
CONTACTLESS SENSING OF ANGLES OF
ROTATION ON A ROTATING PART

This application 1s a 35 U.S.C. § 371 National Stage
Application of PCT/EP2015/072694, filed on Oct. 1, 2015,
which claims the benefit of priority to Serial No. DE 10 2014
220 446.1, filed on Oct. 9, 2014 1n Germany, the disclosures
of which are incorporated herein by reference in their
entirety.

The present disclosure 1s directed to a sensor arrangement
tor the contactless sensing of angles of rotation according to
definition of the species in independent patent claim 1.

The measurement of angles of rotation on rotating parts 1s
generally carried out by using magnetic sensors. The rotat-
ing part to be measured 1s equipped with a permanent
magnet. A corresponding magnetic field sensor which, for
example, may be integrated into an mtegrated circuit, mea-
sures the field strength 1n two or three spatial directions and
derives the angular orientation.

In addition, various inductive rotational angle sensors are
known from the related art. The coupling between an exciter
coil and one or multiple sensor coils 1s largely intfluenced by
the rotational angle position of a coupling element (target).

The evaluation of coupling factors requires complex elec-
tronics.

DE 197 38 836 Al describes, for example, an imnductive
angle sensor including a stator element, a rotor element, and
an evaluation circuit. The stator element has an exciter coil
which 1s subjected to a periodic AC voltage, and multiple
receiving coils. The rotor element specifies the intensity of
the inductive coupling between the exciter coil and the
receiving coils, as a function of 1ts angular position relative
to the stator element. The evaluation circuit determines the
angular position of the rotor element relative to the stator
clement, from the voltage signals induced 1n the receiving
coils.

SUMMARY

In contrast, the sensor arrangement according to the
present disclosure for the contactless sensing of angles of
rotation having the features of the independent patent claim
1 has the advantage that the evaluation, or the determination
using measurement techniques, of the coil inductance or the
ellect of the metallic covering on the at least one detection
coil 1s carried out via a conversion of the coil inductance into
a measurement signal, preferably into an analog voltage.
The mmplemented measuring principle converts magnetic
energy into electrical energy. This advantageously enables
the determination of the inductance of the detection coil
using measurement techniques having low hardware com-
plexity.

Embodiments of the sensor arrangement enable the imple-
mentation of the measuring principle according to the pres-
ent disclosure using economical standard components such
as transistors, diodes, and capacitors, 1n connection with a
microcontroller which has an analog/digital converter. Since
many such microcontrollers are already present in the
vehicle, such an inductance measurement may be 1mple-
mented simply and economically. In addition, the measuring,
circuits may always be easily integrated into designs which
already 1nclude a microcontroller for other functions. Due to
the small number of components, a specific ASIC design 1s
possible but not required. The use of the measuring principle
1s thus possible 1n a highly flexible manner.
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Exemplary embodiments of the present disclosure pro-
vide a sensor arrangement for the contactless sensing of
angles of rotation on a rotating part which i1s coupled with a
disk-shaped target which has at least one metal surface, and
generates at least one piece ol information for ascertaining
the 1nstantaneous angle of rotation of the rotating part in
connection with a coil arrangement which has at least one
flat detection coil. According to the present disclosure, at
least one measuring circuit converts the inductance of a
corresponding flat detection coil, which changes due to
eddy-current eflects, as a function of the degree of overlap
with the at least one metal surface of the rotating target, into
a measuring signal which an evaluation and control unit
detects using measurement techniques and evaluates for
calculating the angle of rotation.

The evaluation and control unit may presently be under-
stood to be an electrical circuit or an electrical device, for
example, a control device, which processes or evaluates
detected sensor signals. The evaluation and control unit may
have at least one interface, which may be designed as
hardware and/or as soitware. In a hardware-based design,
the interfaces may, for example, be part of a so-called system
ASIC, which includes a wide variety of functions of the
evaluation and control unit. However, it 1s also possible that
the interfaces are self-contained integrated circuits or are
made up at least partially of discrete elements. In a software-
based design, the interfaces may be software modules
which, for example, are present on a microcontroller, in
addition to other software modules. Also advantageous 1s a
computer program product including program code which 1s
stored on a machine-readable carrier such as a semiconduc-
tor memory, a hard-disk memory, or an optical memory, and
1s used for carrying out the evaluation, 1f the program 1is
executed by the evaluation and control unait.

Advantageous improvements on the sensor arrangement
for the contactless sensing of angles of rotation specified 1n
the independent claim 1 are possible via the measures and
refinements listed in the dependent claims.

It 1s particularly advantageous that the at least one mea-
suring circuit may include a capacitor which may be elec-
trically connected in parallel with the detection coil to be
evaluated, and which 1s able to absorb energy stored via the
inductance of the detection coil during a measuring process.
The magnetic energy of the inductance of the detection coil
may preferably be transmitted by means of a directed current
pulse via a diode to the capacitor, which 1s able to store the
transmitted energy as electrical energy. During an evaluation
process, the capacitor may output the stored electrical
energy as a measuring signal to the evaluation and control
unit. Preferably, the measuring signal 1s a voltage signal or
a current signal.

In an advantageous embodiment of the sensor arrange-
ment according to the present disclosure, the at least one
measuring circuit may have multiple electronic switches,
which the evaluation and control unit may switch via
corresponding control signals. The electronic switches may,
for example, be designed as transistors, preferably as field-
cllect transistors. By controlling corresponding electronic
switches, the evaluation and control unit may connect the
detection coil to be evaluated to an operating voltage and to
a reference potential during an excitation phase. At the start
of the measuring process, the evaluation and control unit
may disconnect the detection coil to be evaluated from the
reference potential, for example, by switching the corre-
sponding electronic switch. At the start of the evaluation
process, the evaluation and control unit may disconnect the
at least one detection coil from the operating voltage, for
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example, by switching the corresponding electronic switch,
and connect a connecting point of the capacitor to the
reference potential. The evaluation and control unit may tap
the measuring signal at a shared connecting point of the
capacitor and the corresponding detection coil for evalua-
tion.

In an additional advantageous embodiment of the sensor
arrangement according to the present disclosure, the evalu-
ation and control unit may include a microcontroller with an
A/D converter, which 1s able to evaluate the measuring
signal.

An embodiment of the present disclosure 1s illustrated 1n
the drawings and 1s described in greater detail 1n the descrip-
tion below. In the drawings, identical reference numerals
refer to components or elements which carry out identical or
similar functions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic top view of an exemplary
embodiment of a sensor arrangement according to the pres-
ent disclosure for the contactless sensing of angles of
rotation.

FIG. 2 shows a schematic circuit diagram of an exemplary
embodiment of a measuring circuit for the sensor arrange-
ment according to the present disclosure from FIG. 1.

DETAILED DESCRIPTION

As 1s apparent from FIGS. 1 and 2, the depicted exem-
plary embodiment of a sensor arrangement 1 according to
the present disclosure for the contactless sensing of angles of
rotation on a rotating part includes a target 20 coupled with
the rotating part, which has an annular disk-shaped base
body 22 with at least one metal surface 24, and a coil
arrangement 40 having at least one tlat detection coil 42, 44,
46, which 1s arranged on a round printed circuit board 30. Of
course, the printed circuit board 30 does not have to be
round; the printed circuit board 30 may also have another
suitable shape. In connection with the coil arrangement 40,
the target 20 generates at least one piece of information for
ascertaining the mstantaneous angle of rotation of the rotat-
ing part. According to the present disclosure, at least one
measuring circuit 3 converts the inductance L of a corre-
sponding flat detection coil 42, 44, 46, which changes due to
eddy-current eflects, as a function of the degree of overlap
with the at least one metal surface 24 of the rotating target
20, into a measuring signal UM which an evaluation and
control unit 10 detects using measurement techniques and
evaluates for calculating the angle of rotation.

In the depicted exemplary embodiment, the coil arrange-
ment 40 includes three flat detection coils 42, 44, 46 which
are equally distributed on the circumierence of a circle, and
the rotating targets 20 includes two metal surfaces 24 which
influence the inductances L of the flat detection coils 42, 44,
46 due to eddy-current effects, as a function of the degree of
overlap. In this case, the measuring circuit 3 generates a
measuring signal U, . which represents the change 1n induc-
tance of the respective detection coil 42, 44, 46. In the
depicted exemplary embodiment, the sensor arrangement 1
includes three measuring circuits 3, each being associated
with one of the detection coils 42, 44, 46.

As 1s furthermore apparent from FIG. 1, the coil arrange-
ment 40 1n the depicted exemplary embodiment 1s arranged
on a round printed circuit board 30 and 1s electrically
connected to the evaluation and control unit 10. The annular
disk-shaped base body 22 of the target 20, which depicted as
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4

transparent 1n the drawings, 1s arranged at a predefined
constant axial distance above or below the printed circuit
board 30. During an excitation phase of the detection coil 42,
44, 46 with an alternating current, the overlap of the detec-
tion coils 42, 44, 46 coils with the conductive metal surfaces
24 results 1n the generation of an induction voltage, which
1s short-circuited by the metal. The current generates a
magnetic field which counteracts its source. Finally, as a
result, the inductance . of the detection coil 42, 44, 46
appears to be lower. The measurement of the inductance L
allows the determination of the degree of overlap and thus
the determination of the angle of rotation. In the depicted
exemplary embodiments, the rotating part, which 1s not
depicted 1n detail, may be a shaft which, having suflicient

lateral play, 1s routed through the circular opening in the
printed circuit board 30, and 1s connected to the base body
22 of the target 20 1n a rotationally fixed manner.

As 1s furthermore apparent from FIG. 2, the at least one
measuring circuit 3 mcludes a capacitor C which 1s electri-
cally connected 1n parallel with the detection coil 42, 44, 46
to be evaluated, and which absorbs energy stored via the
inductance L of the detection coil 42, 44, 46 during a
measuring process. In the depicted exemplary embodiment,
the magnetic energy of the inductance L of the detection coil
42, 44, 46 1s transmittable by means of a directed current
pulse via a diode D to the capacitor C, which stores the
transmitted energy as electrical energy. During an evaluation
process, the capacitor C outputs the stored electrical energy
as a measuring signal U, . to the evaluation and control unit
10. In addition, the at least one measuring circuit 3 has
multiple switches S1, S2, S3, which the evaluation and
control unit 10 switches via corresponding control signals
Al, A2, A2. In the depicted exemplary embodiment, the
clectronic switches S1, S2, S3 are designed as transistors,
preferably as field-eflect transistors.

As 1s furthermore apparent from FIG. 2, each of the
detection coils 42, 44, 46 1s connectable to an operating
voltage U via a first electronic switch S1 which 1s switch-
able by the evaluation and control unit 10 via a first control
signal Al, and to a reference potential, here, ground, via a
second electronic switch S2 which 1s switchable by the
evaluation and control unit 10 via a second control signal
A2. Durning the excitation phase, the evaluation and control
unit 10 connects the detection coil 42, 44, 46 to be evaluated
by connecting the first electronic switch S1 to the operating
voltage U, and by connecting the second electronic switch
S2 to the reference potential. At the start of the measuring
process, the evaluation and control unit 10 disconnects the
detection coil 42, 44, 46 to be evaluated by switching the
second switch S2 from the reference potential. After the
switching process of the second switch S2, the energy of the
corresponding detection coil 42, 44, 46 1s transmitted
through the diode D to the capacitor C. The voltage U, , at
the capacitor C may be calculated approximately using
equations (1) and (2).

(1)

(2)

At the start of the evaluation process, the evaluation and
control unit 10 disconnects the at least one detection coil 42,

44, 46 from the operating voltage U, by switching the first
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switch S1; the second switch S2 1s already open. By switch-
ing a third switch S3, the evaluation and control unit 10
connects a connecting point of the capacitor C to the
reference potential. As a result, the evaluation and control
unit 10 may tap the measuring signal U,, at a shared
connecting point of the capacitor C and the corresponding
detection coil 42, 44, 46. The measuring signal U, , may thus
be measured against the reference potential as an analog
voltage signal at the connecting point between the detection
coll 42, 44, 46 and the capacitor C. For evaluating the
measuring signal U, . the evaluation and control unit 10
includes a microcontroller with an A/D converter which
converts the analog measuring signal U,, into a digital
signal.

The advantage of the described measuring principle is that
by using advantageous standard parts, for example, the
transistors S1, S2, S3, the diode D, and the capacitor C, a
measurement of the inductance L may already be carried out
by means of a microcontroller which has an A/D converter,
and 1s thus always capable of being easily integrated into
designs which already include a microcontroller for other
functions. Due to the small number of components, a
specific ASIC design 1s possible but not required. The use of
the measuring principle 1s thus highly flexible.

In the case of a change 1n inductance L from, for example,
1.25 uH to 1.0 uH over an angle of rotation of 70° and a
storage capacitor C of 100 pF, a current I of 56 mA would
result 1n a voltage U, , at the capacitor C of approximately
438 V or 5.0 V (-60% conversion efliciency) 1n the corre-
sponding detection coil 42, 44, 46. The limitation of the
current I may take place via a series resistor R which, for
example, has a value of approximately 30€2. The charge
transier process takes approximately 1 us. The measurement
period 1s thus potentially very short. In order to resolve an
angle o1 0.1°, 1s 1t necessary to detect voltage differences of
approximately 1 mV. If the measuring range of the A/D
converter 1s not limited to the required range of approxi-
mately 4.0 to 5.0 V, a resolution of 13 bits may be used.

The measurement of DC voltages at capacitors 1s advan-
tageously possible with relatively low noise. Reduction of
the noise amplitude to below 1 mV 1s possible. However, the
measuring signal 1s directly dependent on the capacitance of
the capacitor C, which 1s subject to a temperature response
(<30 ppm/K). The aging and the voltage dependence of the
capacitance of the capacitor C may be largely minimized by
using NPO dielectrics. During measurement, the diode D,
which 1s preferably designed as a Schottky diode, 1s in
parallel with the capacitor C. The corresponding leakage
current of the diode D 1s highly dependent on the tempera-
ture, and may, for example, be 10 pA at -25° C. and 100 nA
at 125° C. In the case of a measurement voltage of 5 V, this
corresponds to a discharge resistance of at least 50 k€2). The
time constant of the corresponding RC element 1s thus at
least 5 us. The A/D converter preferably has a sampling rate
of >200 kS. By taking two or more samples, the exponential
voltage drop may be determined, and the original measure-
ment voltage may be extrapolated. In addition, the tempera-
ture may be determined via the known relationship between
the diode leakage current and the temperature. This 1nfor-
mation may advantageously be used for further temperature
corrections.

The transmission of the magnetic energy ol the corre-
sponding detection coil 42, 44, 46 1nto electrical energy of
the capacitor C takes place via a directed current pulse,
wherein the diode D prevents a reverse tlow. AC signals
cause EMC iterference. They could be rectified by the
diode D. It 1s optionally possible to implement a bypass for
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alternating fields without canceling the diode effect. The
system 1s 1n principle capable of detecting interference.
Since the measurement of the capacitor voltage takes place
when the coil excitement 1s deactivated, the voltage of the
induced interference signal may be advantageously distin-
guished from the measuring signal U, .

The mvention claimed 1s:

1. A sensor arrangement for the contactless sensing of
angles of rotation on a rotating part, the sensor arrangement
comprising;

a disk-shaped target coupled to the rotating part, the
disc-shaped target having at least one metal surface,
and operable to generate at least one piece of informa-
tion for ascertaining an instantaneous angle of rotation
of the rotating part 1n connection with a coil arrange-
ment,

the coil arrangement having at least one tlat detection coil;

at least one measuring circuit operable to convert mnduc-
tance of a corresponding at least one flat detection coil
into a measuring signal and the at least one measuring
circuit including a first switch and a second switch, the
inductance of the at least one flat detection coil con-
figured to change due to eddy-current effects as a
function of a degree of overlap with the at least one
metal surface of the rotating target and the at least one
measuring circuit including a capacitor; and

an evaluation and control unit configured to detect the
measuring signal using measurement techniques and to
evaluate the measuring signal for calculating the angle
of rotation by switching the first switch and the second
switch via corresponding control signals such that (1)
the evaluation and control unit 1s configured to switch
the first switch via a first control signal to connect the
at least one detection coil to an operating voltage and
switch the second switch via a second control signal to
connect the second switch to a reference potential to
commence an excitation phase, (1) the evaluation and
control unit 1s configured to switch the second switch to
disconnect the at least one detection coil to commence
a measuring phase, and (111) the evaluation and control
unit 1s configured to switch the first switch 1n order to
disconnect the at least one detection coil from the
operating voltage to commence an evaluation phase,
and further configured to connect the at least one
detection coil to be evaluated to an operating voltage
and to a reference potential to commence an excitation
phase, wherein the at least one flat detection coil 1s
charged and the capacitor 1s not charged during the
excitation phase.

2. The sensor arrangement as claimed in claim 1, wherein
the capacitor 1s electrically connected 1n parallel with the at
least one flat detection coil to be evaluated and being
configured to absorb energy stored via the inductance of the
at least one flat detection coil during a measuring process.

3. The sensor arrangement as claimed 1n claim 2, wherein
magnetic energy of the inductance of the at least one flat
detection coil 1s transmittable using a directed current pulse
via a diode to the capacitor, the capacitor further configured
to store the transmitted energy as electrical energy.

4. The sensor arrangement as claimed in claim 3, wherein
the capacitor 1s further configured to output the stored
clectrical energy during an evaluation process as the mea-
suring signal to the evaluation and control unait.

5. The sensor arrangement as claimed in claim 3, wherein
the diode 1s a Schottky diode.

6. The sensor arrangement as claimed 1n claim 1, wherein
the measuring signal 1s a voltage signal or a current signal.
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7. The sensor arrangement as claimed in claim 1, wherein
the at least one measuring circuit has multiple electronic
switches, the evaluation and control umt being further
configured to switch the electronic switches via correspond-
ing control signals.

8. The sensor arrangement as claimed 1n claim 7, wherein
the evaluation and control unit 1s further configured to
disconnect the at least one detection coil to be evaluated
from a reference potential at start of a measuring process.

9. The sensor arrangement as claimed 1n claim 7, wherein
at start of an evaluation process, the evaluation and control
unit 1s configured to (1) disconnect the at least one detection
coill from an operating voltage, (11) connect a connecting
point of the capacitor to a reference potential, and (111) tap
the measuring signal at a shared connecting point of the
capacitor and the corresponding at least one detection coil.

10. The sensor arrangement as claimed in claim 9,
wherein the evaluation and control unit includes a micro-
controller with an A/D converter, the A/D converter being
operable to evaluate the measuring signal.
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11. The sensor arrangement as claimed in claim 7,
wherein the multiple electronic switches are transistors.

12. The sensor arrangement as claimed in claim 11,
wherein the multiple electronic switches are field-efiect
transistors.

13. The sensor arrangement as claimed in claim 1,
wherein the evaluation and control unit has at least one
interface.

14. The sensor arrangement as claimed in claim 1,
wherein a first end of the capacitor 1s directly connected to

a first end of the at least one flat detection coil, a second end
of the capacitor 1s directly connected to an anode end of a
Schottky diode, and a cathode end of the Schottky diode 1s
directly connected to a second end of the at least one flat
detection coil.

15. The sensor arrangement as claimed 1n claim 1,
wherein the capacitor and the at least one flat detection coil
are connected by a non-switched connection.
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